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PREFACE. 



Haying already issued two volumes of Examples of Iron Booft, it has occoned 
to the Author of this work, that in order to render it complete some account 
should be given of the Principle upon which the construction of Iron Boofs 
depends; and this is the more necessary, as the subject does not appear 
hitherto to have been treated in accordance with its merits. We have, there- 
fore, in the following pages explained as succinctly as is compatible with the 
nature of our subject the theory of lattice girders, trusses, and arches, as 
applied to roof structures, separating the purely theoretical from the practical 
theoretical part; furnishing in the former a complete investigation of the 
nature of such structures, and in the latter giving the ultimate formube in 
their simplest forms, in order to render them easy of reference, and to form 
also a Supplementary Volume to the two volumes of Executed Examples of 
Iron Boofs. 

In conclusion, it may be desirable to direct the reader's attention to the 
fiict, that the formulse for strain are also applicable to Timber Boofs, as indi- 
cated in the last paragraph of the present volume. 



ON 

THE CONSTRUCTION OF IRON ROOFS. 



PART 1. 

INTEODUCTION. 

The rapidity of the progress made during the last few years in the construction 
of iron roofs, has placed this branch of the iron manufacture far in advance of the 
existing treatises on iron construction. We therefore propose in the following 
pages to place before our readers a complete, but concise, account, theoretical and 
practical, of iron rooft. 

Roofs may be divided into two principal classes : roofs proper and domes. 
In the former class we include those supported by arched structures, lattice girders, 
and trusses. The second comprises the various forms of domes. The greater 
number of roofs belong to the first dass, and we find that roofs of small span 
are usually carried by trusses simply, whereas, in the case of larger roofs, the 
small trusses are sometimes supported by lattice girders. Arches are also nsed 
for roofs of considerable span. 

With regard to the materials and arrangements employed in the coverings 
of roofs, it is unnecessary in the present volume to consider them, as these matters 
of detail have been fully shown in the previous volumes of the present work ; 
hence the ribs, principals, or girders, only require to be treated of. 

The general points to be considered in the construction of roofs, resolve 
themselves into two principal ones : the weight of the roof and the means of 
ventilation. With the first point we have especially to deal, and it is necessary 
also to consider the second, as far ais it affects the main supports of the roof; that 
is to say, forms must be examined which admit of ventilation by various means. 

The weight of the roof will, of course, depend upon the load, and upon the 
manner of applying the same. The load is constant, necessarily, i^nd for prac- 
tical purposes it may be regarded as uniformly distributed upon its supports. 

B 
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The load is also at rest, hence the girders or trasses, not being subjected to con- 
cussions or vibrations, may be calculated for greater resistance than ordinary 
bridge girders. 

In considering the mode of calculating the strains upon the different parts 
of the roof structures, great care is necessary in order to distinguish perfectly 
between the lattice girder and the trussed principal, for at first sight it might 
appesu- to many that the latter is similar in principle ta the former ; but it will be 
shown that such is not the case, as in the lattice g^der the struts incline down- 
wards from the centre of the girder towards the points of support ; whereas in 
the trussed principal they are usually inclined in the opposite direction. 

It will be necessary, therefore, to regard the lattice girder as a whole, and 
the trussed principal as consisting of a number of trusses or semi-trusses, of 
which the smaller are carried by the larger ; so that in calculating the strains 
upon this arrangement, they will be traced, through the smaller trusses to the 
larger ones. 

With the arched structures no difficulty will be found, the principle being . 
identical with that of a common linear arch, the points to be considered in the 
construction of which are two : the direction of the strain, and the intensity of 
the same ; it being necessary so to design the form of the arch that no bending 
moment shall at auy point be brought to bear upon it, so that it maybe subject 
to no strain except direct thrust. 

We will now conclude these introductory remarks, and pass on to the 
theoretical considerations connected with the construction of iron roofs and 
domes. 



ntOK ROOFS. 



PART n. 

THEOEETIOAL. 

In the present part it is proposed to examine analytically the strains upon 
the varions elements used in roof constraction, and in so doing, the matter will 
be considered in a pnrely theoretical sense, the formnla being reduced to a 
practical condition in a subsequent part. 

The first form which will be considered is the lattice or triangular girder. 
The following notations will be used throughout the present work : — 

i = Span of roof in feet. 

w = Weight per lineal foot on girder, truss, or arch. 

n s Number of triang^tions in a girder. 

s 3s Distance in feet between the apices of two consecutiye triangles of one 

triangulation. 
X B Length of a lattice bar, strut, or tie, in feet. 
d s Depth of girder in feet. 
V s Yersine, or greatest rise of aich in feet. 

Other notations required will be specified hereafter. 

p. . Let Fig. 1 represent a triangular girder, 

Hs* • consisting of two flanges or horizontal 

j A yv A A yv A A I members connected by a single triaugula- 

rf. V y V[V V V > j. tion, comprising seven triangles, as shown. 

Let these be isosceles triangles; that is 
to say, if we take any triangle 6 II, let two sides be equal, and let these sides 
be those which are inclined to the flange, so that 6 i is equal to 6 I; it will 
then follow that the angle b k 1\a equal to the angle b I k, CaJlthe value of this 
angle a. 

9 will be equal to ab, b e, e d, etc., n will be equal to one, or unity, also 
/ is equal to 7 «. 

B S 
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Let us now determine the strain upon each bar of this girded. The girder 
is in form symmetrical, it is also symmetrically loaded, hence the strains on eaeh 
half of the girder will be similar, and each half of the girder may be regarded 
as canying half the total distributed load ; hence it will only be necessary to 
examine the strains on one half of the girder. Before proceeding further, it may be 
desirable to mention the offices of the di^erent parts of the girder. The load is 
transmitted from the open space on to the points of support by the lattice bars, 
which constitute the web, and this web is retained in position or stretched by 
the top and bottom horizontal members or flanges. The load will be brought 
upon the girder at every point of junction, a b c^ etc., and the load on the apex 
of each triangle will be 

^ V) s 

We will now proceed to resolve the strains upon the bairs, which may readily be 
-p. o done by means of the well-known principle of tiie parallelogram offerees ; 
but we shall here for convenience employ trigonometrical terms in place 
of linear measurements, in stating the strain. The trigonometrical 
terms used are those commonly employed for the solution of plane tri- 
angles. Let a b e, Fig. 2, represent a plane triangle, the side a b 
being known, and the angles a and ^, it is required to determine the 
'^side a c, which may be found from the formula 

ab .Axkfi 
a c ^s, — ; L. 

sin a 

which it is unnecessary here to demonstrate, as the explanation: of it maybe 
found in any elementary work on trigonometry. The formula may of course be 
applied to any two sides of a triangle and their subtending angles. If the angle 
/3 be a right angle» the above formula will become 

ab 

ac^ -i — 
sm a 

because 

sin /3 r:^ sin 90'' := 1 

Commenoing at the centre of the girder, and proceeding towards the extremity i, 
we have first to determine the strain upon the bar d m* This bar is loaded with 
half the weight upon the apex d, so that the load upon the bar 

— 
2 
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The siarain will be found by resolymg'this weight in the direction of d m. It will 
be compiessiye and 

— ^* 
2 sin « 

At the point M, this strain will be resolved into two others : one acting npon m c, 
the other acting upon m n. The parallelogram for solving these forces is found in 
the girder, being formed bj two triangles ; so that ifdm eqoals the strain on 
dm, em will be that on the bar e m, and e d that on m n. The strain on em will 
be tensile, and 

2sma 

Thus we see that the strain on any tie is equal to that upon the strut which pre- 
oedes it. This strain will necessarily be transmitted through every bar to the 
abutment^; or, in other words, the load on the bar dm will act on every otiier 
bar to the abutment, for the office of the bar <fM is to transmit the load from the 
point d to the point m, whence the He e m transmits it to the point e, so that 
every strut must support all the weight between itself and the centre of the 
girder. The load on c / wiU therefore be 

and the strain on the same, and on the tie / 2 

2sina 

Summing the strains for all the diagonals, the following series is obtained, for any 
gilder, oommendng at the centre, and proceeding towards either point of 
support ^— 

On first strut and tie JZ^ 

28mo 

On second „ „ ^^^ 

2Bin« 



On third 



bW9 

28ine 



On .rth „ „ <^?T^>** 

Same 
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This ]ast holds good for any bar distaiit ffi stnits from the centre, except the last, 
aj, where there is a slight distance, as the load between a and i is borne partly 
by the strut and partly by the standard Aj,HO that the load on the summit a is 
in £EU)t 

_ Sf08 

4 

This difference will, however be neglected, and w s will be taken as the load on 
this summit, in common with those on the others* 

Having disposed of the diagonals, it remains to consider the strains upon 
the horizontal members. Let us commence with the bottom, or tension member. 

If 2 represents the strain on any strut, except the extreme ones, this strain 

will, as before stated, be transmitted to the following tie, and to the bottom 

horizontal member ; and referring to Fig. 1, we see that the strain upon the bottom 

member due to that upon the strut may be expressed trigonometrically 80 follows, 

the strain being 

_ « sin 2 a 



sma 
because the sine of an angle is equal to the sine of its supplement, or 

sin « = sin (180'' — a) 
By an ordinary trauusformation the previous expression becomes 

= 22C06a 

but calling W the total load upon the strut 

W 



2 = 



and the horizontal strain 



' sma 



=W 



2 cos a 



sma 

= W 2 cotan a 

This is the strain whidi will be brought upon the bottom or tension member at 
every joint except the extreme ones. Let us now examine the strain produced by 
the extreme struts. Let 1.' represent the direct strain upon the extreme strut 
aj, then the strain produced upon the tension member will be as follows, the 
strain being in this case resolved vertically upon the pier, and horizontally upon 
the tension member : 

S'.cos. a 
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this is the direct strain upon^ 


*,but 






2':= 


w 

sin a 


hence the foregoing expression 


becomes 






= W. 


COS a 

sin a 




«w. 


cotana 



We have now found expressions for the strain upon any bar of the bottom 
horizontal member^ and it is a matter of observation that the strain increases 
from the piers toward the centre of the girder; for commencing aty there are 
increments of strain at k, I, m, &c,, arriving at a maximum at the centre where the 
strains produced by the load on one side of the centre are, as it were, met and 
equilibrated by those produced by the load upon the other side of the centre of 
the girder. The strain at any g^ven joint may be readily found by summation, 
thus : — ^Let the girder contain nine triangles ; there wiU then be four and a half 
on each side of the centre, of five struts and four ties in one half of the girder, 
the loads upon the ties and struts will be 

On the first, aload = %^. 



On the second 


It 


- 


2 


On the third 


»» 


= 


5tp« 

2 


On the fourth 


f» 


- 


2 


On the fifth 


If 


's= 


9tos 



commencing at the centre, and passing towards one of the points of support. 
The strain at each joint of the tension member wiU be, c(Mnmencing at one point 
of support^ and passing towards the centre of the girder, 

First joint, a strain ^!Ell^^^ 

fu^^A »* 9 cotana, - . 
Second „ ^ = + » * 7 cotan a 

_ IP a 23 cotan • 
2 
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Third joint a strain = ^w $ o cotan « 

tc « 83 ootan « 

SB — .^-.___ 

2 
Fourth .. „ = «*88eot«ia + „ , 3 ^^t^n , 

_ t^ « 89 cotan a 



2 

xvi:. 1 to 8 39 cotan « . . ^ 4.^ 
iiith „ „ = 5 + ws, cotan a 

— *p * ^1 cotan « 
2 

A course precisely similar to the above may be used for the top or com- 
pression member^ but it must be borne in mind that in this case the strain is 
transmitted by the ties to the horizontal member ; and as there is ao extreme 
tie correspoQiiing to the end strut, the one expression 

W 2 cotan a 

will apply to every joint in the top flange. The strain at every joint, com- 
mencing, as before, at the point of support, will be as follows : — 

First joint a strain = w * 7 cotan a • 

Second „ „ ^ %o 9 7 cotan a + « «. 5. cotan « 

^ w 8\^ cotan « 
Third ,, ,^ ^ to % 12 cotan « + te? «. 3. cotan a 

^ to 8\h cotan « 
Fourth „ „ = w ^ 15 cotan « + 10 «. eotan a 

aB± «; « 16 cotan a 

-^o 3. By means of the sot of formulae now 

completed, we can readily compute the 
strain on every part of any given trian- 
gular girder of the series of triangles ; 
the method of applying these formulse in practice ¥dll be described subsequently. 
If we have more series of triangle than one, the weight must be found for 
the summit of the triangle of the series, and the strains computed on one series 
of diagonals as before ; and the same with the other series. The strains, on the 
flanges will, as before, be found by summing the strains produced at each joint. 




IRON R00F8. 9 

Fig. 8 shows a girder with two series of triangles. It will be seen that 
one tenniiiates with a strut and the other with a tie ; and it will be adyisable in 
snch a case to calculate separately the strains on each series. But when there 
are many triangulations, the strains on one may be regarded as equivalent to 
those on the others, and the labour of calculating the strains for every series 
will thus be avoided. 

To find the load on any apex, multiply the weight per foot run, by the 
distanoe between two successive joints. Thus, let z equal the distance between 
two joints, a and b. Fig. 8 ; then the load on each apex will be 

In resolving the strains produced on the flanges by one series, it must be 
borne in mind that in one series the terminal bar is a strut, and in the other 
it is a tie; hence, in this ease, the strains are exactly the same on both 




We have now concluded the account of the lattice girder, so far as it is 
used in the construction of roofs, and will now pass on to examine the 
principles of simple and compound trusses. 

Fig. 4 represents a simple truss ; Fig. 4. 

it consists of a horizontal beam, a ^, a ^ 
strut, e ll, at the centre, and two ten- 
sion rods, a d and b d, tiie whole being 
supported at a and b. It will be neeessary in the first instance to consider the 
strains produced by a load concentrated at c. Half this load will be borne, half by 
the point of support at a and half by that at b, and these halves must respec- 
tively pass through the tension rods da and d b. Let i = the apgle cad^ and 
also » the angle cbd. 

Let W ss the weight acting at the point c; then the thrust upon the strut 
e d will be equal to W, and the load on each tie bar 

W 



The direct strain upon either tie bar may be found by a method analogous 
to that used for the triangular girder already described. It will be 

^ _W_ 
2 siiLi 
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The straiu in compression upon the horizontal member, produced by the 
action of the tension rods, will be 

stS cos t. 

where 2 equals the strain upon the tension rod ; but 

28mf 

hence the horizontal strain is 

_ W cos i 
2 * sin » 

W 

= -jT • cotan f 

In the case of an inverted truss, the strains are exactly the same in intensity, 
but they differ in kind : that is to say, where there is a tensile strain in the 
inverted truss there is a compressive strain in the upright truss, and vice versa. 
With regard to a distributed load, the following conditions may be observed : 
The load between a and c is half of it borne by the pier a direct, and half 
of it is transmitted through the strut c d ; hence in this case the direct strains 
are half what they would be if the load were concentrated ; theref(»« if W 
equals the total load, the strains will be as follows : — 

W 

Strain on strut c d — -o" 

Strain on tension rod 




== 4 sin f 

"W 
Strain on horizontal member = -r- cotan i 

4 

Pig. 5 represents another form of 
truss, somewhat similar to the former 
in principle, but with the tension- 
rods so arranged that the strain 
upon them is proportionately less. 
Let I equal the angles e a ^, or d hf^ and let the truss be loaded with two 
weights, each equal to W ; placed, one at the point c, and the other at the point d. 
Then the strain on either of the struts e d^ e/, vrill be 

= W 

The strain on either of the tension rods a t and/ b will be 

W 
sin I 
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The compressive strain upon the horizontal member a ft, and the tenaQe strain 
on the tension rod ef, will each be 

rs W cotan f 

The case of an equally distributed load mnst next be taken. The above for- 
mnliB will apply if W be substituted by the load per lineal foot multiplied by 
half the distance a c, plus half the distance c d, otif w ^ae and y^cd 

In the case of a distributed load, it is taken for granted that the top beam 
of the truss possesses sufficient transverse resistance to sustain the load between 
the points of junction with the other parts of the truss. 

If the truss shown in Fig. 5 be inverted, the tensile and compressive strains 
will be reversed. 

Simple trusses having been disposed of, it now remains for us to consider 
the action of more complicated trusses, in which, although the same principles 
wHl be found to exist, other points will require consideration. 

In Fig. 6, a i represents the -nu g 

main compression member of a 
truss, supposed to be supported 
at each extremity ; the primary 
truss is formed by the compression 
member a 6, the central strut dff, and the tension bars y a, ff i. This primary 
truss supports two smaller or secondary trusses, one of which consists of the part 
a dof the compression beam, with the strut c/, and the tension rods fa^fd^fa 
being a portion of one of the tension rods of the primary truss. On the other side 
of the primary truss we have another secondary, d kh^ similar in form to that 
already described. From inspection it is found that in this arrangement certain 
bars act as parts of different trusses, hence these bars will have a variety of offices 
to perform ; this, however, will not materially complicate the subject, as it is 
evident that the ultimate strain on any bar will be the sum of all the tensile 
strains, minus the sum of all the compressive strains, or the contrary. Let us 
now proceed to determine the strains upon each element of the truss. The load 
is supposed to be equally distributed over the horizontal member of the truss, 
calling v> the load per lineal foot on the truss, and % the distance, a c, which is 
equal io ed, de,0T e 6, the struts being placed at equal distances along the hori- 

c 2 
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zontal member, it will follow that the load wiU be distributed as follows : — At 
the point of support, a, there will be half of the load between a and c, which 

and on each of the points c d e there will be a load 

^w 8 

On the point of support, b, there will be a load equal to that on a. It now 
remains for us to determine the effect of these loads ; that is to say, it remains 
for us to calculate the intensity of the strains produced by them, llie strains 
upon the struts will eyidently be equal to the loads upon the same, the whole 
load on each strut being necessarily transmitted through it to the two points of 
support, thus the strain on the strut c/will be 

This strain is transmitted to the points a and b through the tie bars / a BJii/d. 
That portion which is borne by the point a passing through the roi/a, and that 
which is borne by tbe point 6 passing through the rod fd, it is evident that we 
must, in the first place, determine the proportions of the load borne by each 
point of support. This may be accomplished by the well known laws of the 
lever, the result of which will show that the proportions of the weight on each 
point of support will be inversely as the distances of these points from the 
weight. Thus calculating the pressure on 6, we have a quantity 



and on the point a we have a load 



a c 
a 



cb 

^ 10S—. 

ab 



and these quantities will be the loads carried by the tie bars, the lesser being 
supported hjfd, and the greater by/f. 

By the construction of this truss the angles a c/, c df, e d i, e b i, aie all 
equal to each other. Let the value of one of them be represented by », then the 
strain on the bar a / will be 

10 8 c b 
sin. % ab 
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and that on/d 



w s ac 



sin 2 ab 

From these formnlsef it appears that the method of calculating the strain 
on this secondary trass is similar to that employed in the calculation of a 
simple truss, but with this difference : in the present case the loads to be carried 
by the tie bars are unequal, depending, as they do, upon the position of the 
stmt which the tie bars support. 

The strains on the other secondary truss, dh b, are similar to those oxkafd, 
the strain on h d being equal to that on/d, and that onA b equal to that on/a. 

We now come to consider the strains on the primary or main truss, and in 
order to arrive at these we must find the strains produced by that part of the 
load which acts directly upon this truss, and also the strains which are trans- 
mitted from the secondary trusses, commencing with the strains produced by the 
direct action of the load, we find on the strut djf a thrust 

This strut has also to support the loads brought upon it by the ties /(/ and i d, 
which will be equal to twice the load ou/d, but the load on/ ^ was found to be 

a c 
a b 

hence the strain brought upon the strut d^hy the Hesfd, i d, will be 

a b 
The total strain upon the strut dff will be the sum of the foregoing strains, which 

ab 

. The next step in the calculation will consist in calculating the strains upon 
the tie bars of the primary truss. We will first determine that upon the bars 
ff/, g h The strain on those bars will be due to the thrust upon the main 
strut, as given above, and the strain on each of the bars/y, g h, will be 



sm I C ab) 
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The total strain upon the har/a wiU be found by samming the strains due 
to the loads on the stmts dff, and cf, as a/ forms a part of both primary and 
secondary truss. We thus get for the total strain on/a, or i 6, 

By reversing any of these trasses the strains are changed from tensile to 
compressive, and vice vend if the load still acts first upon the same point, riz., 
the junction of the strut with the hori2X)ntal member. 

We have now discussed the general conditions of strain in simple and 
compound trusses fixed in horizontal positions ; but it yet remains to examine 
the effect of load when the trusses are inclined, and this part of our subject is in 
fact that m which we are most interested, as it will hereafter be seen that in 
roof structures trusses are very generally inclined. 

In order to understand perfectly the mode of action of inclined trusses, it is 
very necessary to be well acquainted, in the first place, with the ultimate 
resultants of strain produced upon the supports, and it is therefore deemed 
desirable to examine the condition of a simple inclined strut. 

Fig. 7. Let a b, Fig. 7, represent a simple strut, supported by an 

abutment at a, and resiitij against a wall at b, and fix)m the 
point b of the strut let a weight W be suspended. It is evident 
that the wall at b merely prevents the strut a b from falbng by 
revolving about the point a, and does not afford any vertical sup- 
port ; hence the whole of the load W must be sustained by the 
1^ abutment a. Let i = the angle which the strut makes with the 
horizon, then will the direct thrust upon the strut be 

W 




sm I 



This thrust will (if the strut has no tie at its base) be communicated to the 
abutinent, acting in the same straight line a 3 as in the strut, and iliere will 
therefore be two forces acting at a, one a vertical pressure tending to crusk the 
support, and the other a horizontal force tending to overturn it. Iiet 2 = the 
direct thrust upon the strut a £, then will the vertical and horizontal forces acting 
at the point ^r be as follows : — 
The vertical force 

ss 2 sin I 



and the horizontal force 
but 

wherefore the vertical force 
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s Scos f 
sin t 



^ .8inf = W 



sin f 



which proves the accuracy of the preliminary remark that the whole of the load 
must be borne by the support a. The horizontal force becomes 

W 

-: cos $ = "W X cotan t 



ssin. f 



This expression is also equivalent to the horizontal pressure at b against the 
wall b c. The horizontal force at a may be withstood by a tie a «, as shown, 
which resists the tendency, of the foot of the strut to move outward, and in this 
case the support a will only be required to sustain the vertical force, or the 
weight of the ]oad. 

Let Fig. 8 represent a simple inclined truss, 
acted on at the point c by a load W, this load will 
evidently produce two strains, in compression, of 
which one will act on the strut c d, and the other 
on c a ; let e = the angle made by the strut c d 
with the horizon, o =: the angle made by c a with 
the horizon, and t s the angle e a d, ^ the angle c b d. The strain produced 
by the load W upon the strut c d will be 




W ^^ 



1/ 



that upon c a 



the tension upon either tie rod will be 

_ W 1 



Sine SllL 
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whicli will at the points a and b produce npon the member a b strains acting in 
opposite directions, each 

W 



sin e 



cotan i 



Hence three strains are produced npon the compression member a b, of 
which two act in a direction towards a, and one in the opposite direction ; from 
btoc there is a strain 

W 



sm e 
at « it is increased to 



cotan t rr 2> 



. cotan t -f 



sm e sm o 

which passes on to a, where it is met, and partially equilibrated by a strain 

W 



sm € 



cotan I 



leaving the point of support a to sustain a thrust equal to the difference between 
the desqending and ascending strains, which is 

— cotan f + — ; — : cotan i 



sm e sm sm e 

W 
«in 

which is the same as that found upon the lower point of support in the case of a 
simple strut. 

In following this investigation, it must be carefully borne in mind that the 
truss is only rested against the-wall at £, so that no support can be given at that 
point in a vertical direction, and it is also supposed that the truss is so formed 
that the member a b does not afford any support by its transverse strength. 

The horizontal thrust at a may he withstood by a tie </ e, on which (siq>- 
posing it to be horizontal), there will be a strain 

^w X cotan o 

this strain will, of course, be transmitted through the bar, a d \x> d e^ being 
produced by the strain 

W 
sin a 
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which is the resultant of the strains upon e a, it must be resolved for a d, when 
the strain will be found to be 

W COB 



sm o 
W 

cos u 



COS u 



cotano 



where u = the angle made hj a d with the horizon. 
The ultimate strain on the Hea d will therefore be 



W 



sm tf. sm t 



cos u 



cotan o 



Pig. 9. 



With trusses of more complex form placed in an inclined position a yery 
similar course is followed out. It maj, however, be desirable to illustrate the 
means employed in this case. 

Fig. 9 represents an inclined compound 
truss loaded uniformly. In order to calculate 
the resultant strains upon each element, the 
following method must be employed : — 

First find the load on each point c, d, e. 
It will be equal to the load per foot run, multi* 
plied by the distance a e, or c d, or ftc. 
At 6 and at a there will be loads, each equal 

to half the foregoing. Let W s= the load on c, d, or e, then ? ^ the load at a 

or 6, and let i = the angle made by the main compression member a b with 
the horizon ; then the strains on that member will be 




On 6 e a strain 
Oned 

On de ,, 






= * + 



8 + 



= * + 



s= * + 



2 sin f 






W 
2 8inf 


+ 


W 

sm f 


3W 






2 sin f 






8W 

2 sin » 


-h 


W 
sin i 


5W 







2 8ini 
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On e a a strain = # + «— i — . -^ — : — -. 

2 sin I Bin f 

7 W 

28m« 

Ontheshoe „ = * + 'L^^ W 



= « + 



2aini 28mi 

4W 

Ssinf 



In all of whieh equations 8 equals the thrust produced upon the members by the 
tie bars ff a,ff i; those upon /i^ and i d z/d upon the central strut dff, and do 
not affect the main compression member. 

Let e a the angle made by the struis/c, dy, and e il, witb the horizon, then 
will the strain upon/e or « i, be 

W 
sin e 
and the strain upon dff will be 

sin e 

which is due to the load on d^ and to those on e and e^ whidi transmit strains 
through tiie bars/if, i i( to the strut dg. 

It now remains to determine the resultant strains upon the tie rods. Let 
k s the angle eH,cired A. The strains upon i d and i d, due to the load at e^ 
will each be 

sin tf • sin Jl 

hence tiie total stndns upon the rods i d,/d, will be for each 

W 
sin e . sin it 

Ony A there vnH be a strain due to that acting on the strut dy ; it will be 

8W 

*~ siu e . sin Jl 

and i b will have to bear this strain in addition to the strain brought upon it by 
Che lead at t^ hence the resultant strains will be 



Ony/ory 4 s 
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8W 



one .BrnJt 



On k h in/ a « . ^, ^ ^ . ^^ , 
sin^.smir sin^.Bmir 

4W 

flin^.sini 

From fhu expression i?e may also determine the tlinist produced by the tie 
rods upon the main compression member, which thrust has been designated 
by 9, We shall have 

4 W 



sin e . sin il 
4W 



COSil 



sm e 



X cotanil 



By replacing in the former equations $, by its yalne thus obtained the eqni^ 
tions of strains upon the yarions parts of the main compression member wiU 
be obtained. 

The horizontal throst at a may of course be withstood by a tie rod attached 
to y, and in this case the pull upon such tie rod, and the additional strain upon 
the tie g a, may be calculated by a method precisely similar to that employed in 
the preceding case. 

The method of extending these calculations in order to apply them to more 
complicated trusses are sufficiently obvious, as also are the modifications required 
to render them suitable to trasses vaxyingin form and position from the example 
illustrated. 

The next kind of constmction to which we shall refer is the arch form. In 
this, as in the previous cases, the load is unifcxrmly distributed, and for reasons 
well known, linear arches intended to support an uniformly distributed load 
should be of a parabolic form, otherwise there would not be only a throst on the 
arch, but bending struns would also occur. The arch, accurately formed, repre- 
sents the vertex of a parabolic curve, and in general comprises only a very small 
arc, which will be found to differ but little from a circular arc ; so that in arched 
ribs having any depth, it will be sufficient to make the arch of a circular £[>rm, 
which will contain the true parabolic curve between the extradosal and intradosal 
surfieuses. 

Let ab e. Pig. 10, represent an arch, of which / » the span, and r s= the rise 
or versine, 10 ss the load per lineal foot The first step towards the calculation 

d2 
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of the arch will consist in determining 
^' the thrust at the crown or centre, which 

may be fonnd as follows : — ^We may sup- 
pose the load to be gathered into two 
concrete parts, each equal to half the 
total, and each being placed half way 
between the crown of the arch and one of the abutments. Then for the semi- 
arch a d, it is found that the load -^ acts about a as a fulcrum at a perpendicular 

distance a d, or one quarter of the span from it, hence the moment of the load 
about the point a will be 

2 " 4 8 

The moment of resistance, or strain, must of course be equal to and counteract 
the moment of load ; but the resistance of the section at the crown acts about a 
at a perpendicular distance v from it. Hence, calling r = the strain at the crown 
of the arch, the moment will be 

ss V r 

and because the moments of strain and resistance are equal 

from which the strain at the crown of the arch may be calculated. 

An expression for the thrust on the arch at any other point must'now be found. 
Let a b, Fig. 11, represent a semi-arch. It is required to 
find the thrust at any point d distant, a? feet from the crown 
of the arch. Let c e = the horizontal thrust at the crown, 
and c d? =s the vertical force of the load between c and 6 ; 
then the resultant d e will be equal to the thrust at d; but 

e edis aright-angled triangle {e e being the horizontal ^suSl c d the vertical force): 

therefore 

but c e =3 the thrust at the crown, and e d ^ the load between d and the crown, 
which is 
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hence, reducing and replacing, we have for the thrust at any point an expression 

which may be simplified for the throst on the bed phites. Let half the total 
load, or 



^'=W: 



tea? 



in the present case, as 



/ 

2 



hence, replacing, we get for the thrust on either bed plate . 



'-;i^w 



= Wy/^- 



16 tr 



+ 1 



These formnl» will be found amply sufficient for the calculation of arches. 
In the case of clustered arches, which may be used to support a vault or 
dome, each semi-arch may be calculated as above. The horizontal thrust at the 
abutments will be equal to that at the crown of the arch. If it be required to 
determine the thrust all round any part of a dome, the following means may be 
used: 

Let it be required to determine the total 
thrust upon the section a b oi the dome shown in 
Fig. 12. Let i = the angle made by a Une tan- 
gent to the dome in a vertical plane at a with 
the horizon, and W = the total load above the 
section a b, then will the total thrust be 

W 



Rg. 12. 




sm i 



and the thrust per unit of the periphery will he,if(f =s diameter at the joint 

IT if sin f 
W 



S-1416 dT sin i 



/ 
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The hoiuBontal radiating thnut will be 

= W cotan f 

and the horizontal thrnrt per unit of peripheiy 

W cotan < 
' 81416 d' 

If the tendency to spread at the joint a dbe withstood by a hoop, the tension 
of such hoop will evidently be 

_ W cotan f fif; 
" 81416 d' ' 2 

6-2882 
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PART m. 

PEACTICAL. 

In the present part of our treatise, it is proposed to recapitiilate in a simplified 
form the results obtained in the second part, in order thai they may be readily 
referred to when required for nse, and the trouble of searching amongst the steps 
leading to them avoided ; and, in addition to this, it is intended to intersperse 
sach remarks of a practical character as may be likely to prove nseful to those 
actually engaged in the construction of iron roofs. 

The lattice girder under a uniform load first requires attention; (the same 
notations will be ^nployed as were used in the theoretical part). The strain on 
any strut and the tie following it will be 

du 

where a s the distance of the foot of the strut firom the centre of the girder. 

Suppose, for example, that the strain is to be determined on a strut and tie 
distant twelve feet from the centre of the girder, the weight of load being one 
ton and a half per lineal foot, with two series of triangles, the length of one 
lattice bar seven feet, and the depth of the lattice girder being five feet, the 
required strain will be 

«p.«.X 1-5 X 12 X 7 



du 6x2 



12*6 tons 



and taking 4 and 5 tons as the respective resistance of wrought iron to com- 
pression and tension, the nett sectional areas for that material will be 

For the strut —^ s 815 sq. ins. 

For the tie 1^= 252 sq. ins. 
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Fig. 3 exhibits a girder similar in construction to that here supposed. 

It usually occurs in roof construction where lattice girders are employed, 
that either the Warren girder of one series shown in Fig. 1, or the girder with the 
diagonals at 45^ to the horizon and two series, is chosen ; wherefore it is desirable 
here to append formulsB for these special cases. 

For the Warren girder, where the angle of the bars to the horizon is 60^ 
the formula for strain on any strut and tie becomes 

so that the above example would, if it had related to a Warren girder, haye been 
worked as under : 

1154 wx = 1154 X 1-5 X 12 = 20-772 tons 

The strain is greater because there is but one series of triangles, and less in 
proportion to this, because the angle a is greater than in the former case. 
The sectional areas of strut and tie will be 

For the strut ?^^ = 5198 sq. ins. 

For the tie ?^^ = 4154 sq. ins. 



In the case of a two series girder, with bars at 45° to the horizon, the 

formula becomes 

= 1*414 10 w 

Working out the aboTO example for such a girder, we find a strain on tie 
and strut 

1*414 fojf- 1*414 X 1*5 X 12 = 25*45 tons 

and the sectional areas 

Of the strut = ^^ = 6*36 sq. ins. 

Of the tie ^^ = 609 sq. ins. 

The calculation of the nett areas may evidently be very readily performed 
by the foregoing simple formulae, and it now remains for us to see how the 
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material employed should be disposed in order to obtain satisfactory 
results. 

Wrought iron appears to be the most suitable material for the purposes of 
which we treat ; but whether wrought or cast iron be used, the form adopted 
will be substantially the same, the difference being that a greater number of 
joints will be required for wrought than for cast iron. 

^ . o Tie bars, being subject to tensile strains only, may be formed 

^ ' of simple rectangular section, but struts must be made so as to offer 

u|ui as much resistance to flexure as possible. When cast iron is the 
t I i material used, it is eyident that the + section may conveniently be 
adopted for struts; but when wrought iron is employed one of 
' ' the sections shown in Fig. IS may be selected, a shows a section 
consisting of two T irons riveted back to back, with one or more plates inter- 
posed ; £ is a channel iron section, useful for girders of two series of triangles, as 
in such cases the struts crossing each other may be riveted together back to back 
at the point of intersection ; c is a simple H section, which may frequently be 
employed with advantage, as offering greater rigidity than b, with less complicity 
than a. 

With regard to the position of struts and ties in a lattice or triangular girder, 
it may perhaps be desirable here to insert the general law, which is " that under 
an uniformly distributed load all bars inclining from the centre of the girder 
downwards towards either point of support are struts, those bars which incline 
in the contrary direction being ties." The means of attaching the diagonal bars 
to the horizontal members will be subsequently mentioned. 

Having disposed of the diagonal bars, we must proceed to consider the 
horizontal members. 

The means of determining the strains trigonometricaUy have already been 
described, but in practice it will lie more convenient to use the following method. 
Let it be required to determine the strain between two consecutive joints of the 
bottom member with the diagonals; let x = the distance from one point of 
support to that one of the two chosen joints which is nearest the centre of the 
girder ; let / = the distance between the extreme joints of the diagonals of the 
bottom member, w = the load per lineal foot upon the girder, and d = the depth 
of the girder ; then will the required strain be 

-lit'-'! 
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The formula being obtained by regarding the distance «, and the depth of the 
girder, as forming a bent lever. * 

It may be interesting to tiy how far the two methods agree when applied 
to a given example. Let w ^ 1 ton, the girder being of the form shown 
Fig. 1, page S. Let the distance between two consecntive joints =s 3 feet, and 
the space of the girder = 21 feet, there being 7 triangles, with diagonal bars 
placed at an angle of 60^ to the horizon, suppose the strain is required on the 
bars between the second and third joints, it will be 

= 12*5 . to 9. cotan d 
= 37-6 X 0-58 
= 21-75 tons. 



* This formula may be thus ezplaixied. Let a h (see maigin) be a girder oofnoatiDg of two 

flangea oonnected bj a plate web, and let it be le- 
quired to determine the strain at any point dy distant 



mm ^ WIM * ^™ *^® point of support ct. Let ur = the load per 

Tomm Wmfffi lineal foot upon the giHer, /= the span of the girder, 

D s the depth of the girder. We maj oonsider a e, c d^ as a bent leyer acting about the fulcrum f ; 

there will be two forces acting in opposite directions, the load between a and c presmng downwards 

will tend to force the point d towards 6, the amount of this load will be 

and its effiKtiye leverage 

as 

hence the direct strain at the point ^i^ due to this load, will be 

■ 2D 

There will also be another force acting upon d in the opposite direction, vis., the reaction of the pier 
a, which will be equal to the load upon it, which ia 

2 
because each point of support beazs half the totalload. The effective levexage <tf thb teoe wiH be 

X 

and the effect at d 

w Ix 

" Yd 
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Let us now see what results we obtain by employing the more simple formula. 
Calculated by this method the strain will be 

-•'-re 

a 20 * 26 tons 

A result somewhat less than that obtained by the preceding method, but never- 
theless suflBciently accurate for practical purposes. 

The method of calculating the top flange will be precisely the same as that 
giyen for the bottom flange, if / s the distance between the extreme joints of 
diagonak with the top flange, from which it appears that in any triangular girder 
of the series there is a greater strain upon one flange than upon the other. 

It yet remains to discuss the form of the horizontal members of lattice or 
triangular girders. The top member being subject to compressiye strain, must 
Fig. 14. evidently be made of such form as may appear most adequate to 
secure rigidity. Some sections suitable for light lattice {^rders are 
shown, Fig. 14. a and 2 are for wrought iron, the former consisting 
of two angle irons, between which the extremities of the diagonals may be 
riveted up ; j is a section, consisting of a top plate, two angle irons, and a 
vertical plate between the latter, outside which the diagonals are riveted up, 
being placed upon opposite sides of the same ; this wiU necessitate the insertion 
of packing pieces between the diagonals at their intersections, if they be there 
riveted together. The section beam may be modified by dispensing with either 
the top plate or the vertical plate, if necessary ; but in the latter case it will be 
preferable to rivet up the extremities of the diagonals between the angle irons ; 
c shows a section suitable for a cast iron compression member, which may safely 
be used for roof girders, when deemed otherwise expedient, as such girders are 
not liable to shocks or sudden variations of strain.' 



As the two foregoing foroee act in opposite directions, their difference will be the effective strain 
at the point d, which will be 

w Ix w «■ 

* 2D 21) 

WX rr 1 

which is the ezpreeaion quoted in the text 

£ 2 
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The bottom or tension member may conveniently be made of fiat bars, 
similar to those used in the construction of suspension chains, or the sections a 
or 6 may be adopted, but cast iron should never be used for this portion of the 
structure. 

In forming the junction of the diagonal bars with the flanges, one large pin 
or several small rivets or bolts may be employed, and the latter method is that 
which we think preferable, as the small holes will tend to weaken the metal less 
than one large one. It is expedient for appearance sake to cover the main 
joints of lattice girders used in roof structures with ornamental castings, 
whereby very pleasing effects may be obtained. In the formation of simple 
trusses, tlie main compression members may be of cast or wrought iron, with 
ttigle iron, T iron, or H iron section, and the ties of round or flat bars, the 
joints being made by means of pins passing through eyes in the extremities of 
the tie rods at the centre, and the end joints being made by passing the 
extremities of the tie rods through shoes attached to the extremities of the main 
compression member, and tightening them up by means of nuts fitted to the 
screwed ends of the -tie bars. 

The strains upon a simple upright or inverted truss of the form shown. 
Fig. 4, may be calculated readily by means of the following formulae. Let the 
truss be horizontal and supported at each extremity, and let it be subject to a 
load, W, placed upon the centre ; let / ae the length of one tie rod, t » the 
length of the centre strut, and L » the length of the main compression member ; 
then will the strain on the central strut be 

that on one tie rod 

it 
and that on the compression member 



W / iL 

'T'l' r 



WL 

for the truss placed as shown in the Fig. When it is inverted the strains on each 
element are the same in intensity, but the horizontal member becomes a tie, the 
inclined members become struts, and the central vertical member is a tie if the 
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load be applied at the bottom, and a stnit if it be applied at the top. If the 
load be uniformly distriboted, the above strains will be required to be halved. 
This form'of truss, when used in the construction of roo&, is generally inverted. 
In the truss shown in Fig. 5, the strains may be found from the following 
expressions for a distributed load. Let to « the load on one of the vertical 
members, / » the length of ditto, f s the length of one of the inclined ban, 
then tiie strain on one vertical member will be 



that on one of the indined bars 

-f 

on either of the hMuontal membets it will be 

where t' s distance of rertical member from nearest end of tran {^ db. Fig. 6). 

This truss, like tiie last, is also generally nsed in an inverted position. In 

order to find the intensity of the strains upon the compound trass. Fig. 6, let 

Wa the total distributed load, then will the load acting over any of the struts be 

W 
4 

tiie strain upon either of (he bars inclining ftcm the centre of one main 
inclined bar to the centre of the horixontal member will be 

W I f 

4 ' 4* T 

-w 

where f = half the length of one main inclined member (ff S) and / s half the 
length of the centre vertical member (</ y). 

This occurs because the weight on one point (e) is divided between the piers^ 
so as to act upon each with a force inversely as the distance. 

The load upon the centre strut will be 



'8^M-13 



8 W 

8 
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and the strain on the lower part of either main inclined bar (fffoTffi) will be 

2x8' / " 16./ 

the strain npon the upper parts {a/, h b), of the main inclined bars will be, in 
addition to the foregoing, which is transmitted from the lower part, a stress 

_W 8 J 
" 4 ' 4 / 

8 W.f 
** 16. / 

hence the total strain upon these parts will be 

The thrust on the main horizontal member will be, if L s ^ span, 

8 W.f L 
"^ 8.1 t 
8W.L 



8./ 

By following out a course similar to the above, the strains upon much more 
complicated trusses may with equal faciliiy be resolyed. The same formulae 
may, with a very slight modification, be also applied to inclined trusses, of which 
we will now proceed to treat an example. 

Pig. 15. Let flf, «, c, Fig. 

^ 15, represent an 

inclined truss rest- 
ing against a waQ, 
he. It is evident 
that we may re- 
I place this wall by 
another truss, as 
shown, without 

vitiating the principle of the structure ; and the two trusses may be united with 
a tie, in order to withstand the tendency of the two trusses to spread or separate 
from each other. We may then proceed to calculate each half of the structure 
as a separate inclined truss. 
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Let W be the load on a 6 (half the roof)> then we may consider that on 
each truss there is a load 

_ W 

■" 4 
on the three intermediate stmts, and a load 

_ W 

" 8 
at the foot and apex. 

Let d s the total rise of the roof; that is to say, the height of the trass, /6 . 

in the figure. Let L s a li([; then will the strains upon different parts of the 

main compression member be as follows : — 

OnJiastrain =0+?-^ 

o a 

where e » the strain npon a i by the main ties. 

On 4 ^fastram =sC + -^—7 + -r-j 
8 a 4 a 

Otiig*, etnin = + - . + tt-t- 

"^ + -877- 
. On/aastninBC +— g-j — + x^ 

And at the point a a strain = + _ . - + -g- j 

a 

The value of e Will subsequently be determined 

The next step will consist in the determination of the thrusts upon the 
struts, hjy d e, andy i. 
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Following out ilie same course as in the iheoretioal part, but with nmple 
notations, we find that the strain upon either i^ or y «, will he 

W L 

"T'F 

where S =« half the span of roof = af. 
The strain upon the strat, d c, will be 

_ WL , WL 

" 4 S 4"S 

WL 
" 28 

the thrusts being produced partly by the load upon the point d, and partly by 
the loads ony and A. It yet remains for us to determine the strains upon the 
various ties in the truss. 

Besolving the strains due to each part of the load, we find that the tie bars 
are subject to the following : — 

The strain on^* d,OT di,iB 







WL f 

" 8S "7 




where ? ssj d and / 


'iji 






the strain upon ej will be 


WL / 




that upony i 




W.L.f^ W 
" 4.8./ "^ 8. 

SW.L./- 

" 8.8.7 


B.l 


hence the value of c 


will be 








r, S.W.L./- 
^' 8.8.7 * 


L 
4.f 






8W.L» 





8.8./ 



and c may be replaced by this value in the previous equations, in order to find the 
actual stress upon the various parts of the main compression member, a i. 
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ws 

The tension npon c/will be = ^^ 

and the tie a c will have to sustain, in addition to this horizontal strain, strains 
equivalent to those upon the bar c b. 

The horizontal strain will of course be slighUj modified mac, because the 
latter is at an angle to the horizon ; but the above value will nevertheless be 
sufficiently accurate for all practical purposes, and so assuming it the strains 
will be 

TJponctastram ° 4.3./ ^Td 

A A ' ^4^' 8.L./' _^WS 

And upon t a a strain « si a i "*" T? 

This completes tiie resolution of the strains upon every bar in one truss, or 
half the roof; and, as the strains are symmetrical, it is unnecessary to calculate 
those upon the other truss. The foregoing example has been chosen not so much 
as a special case, as on account of its exhibiting well the method to be followed 
in solving the strains upon any complex truss or series of trusses. 

In dl cases tied rooft (1.^., roofs which ate tied at their lower extremities) 
exert only^ a direct vertical pressure upon the supporting walls, equal to the total 
load upon the roof 

The trusses being placed at given distances (say a feet) apart to support a 
roof whose weight is to lbs. per square foot, and whose semi-span is S, the load 
upon each half truss or half principal will necessarily be 

W«tp. S. 9 

which is the value to be substituted for W in the foregoing expressions when the 
other quantities are known. 

The strains upon each element being known, the areas may be easily deter- 
mined by the following simple expressions. Let 9 s the strain in tons upon any 
tie or strut, ^ as the strain in lbs. upon any tie or strut, and a the nett sectional 
area of any tie or strut in square inches, then for tensile strun the sectional area 
wiflbe 
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or 



S' 



11200 



for compressive strain, the least sectional area will be 



or 



S 



8960 



Let VLB now pass on to consider an example of another class of roof. 

p. - g Let a be repre- 

sent a principal of 
roof; it consists of a 
primary truss, a 6 c, 
and of four secon- 
dary trusses, two 
on each side (a /y, 

a e d.) Let it be required to determine the strains upon each element of one 
half of the principal, W being s the weight to be supported by a b. Let a b 
^Ij, ad =i 8, bd = d. The hsidb being divided into three equal parts by the 
points/ and e, so that a/=fe ^e b, then the load may be regarded as supported 
at the four points, a,/, e, b, the distribution of weight upon«these points being 




upon each of the points/ and e, and 



W 
' 8 

W 

' a 



upon each of the points a and b. 

The strain produced upon the rafter at a, due to the load upon that point, 
will be 

_W L 

" a ' rf 

which will be sustained in addition to others transmitted from higher parts of 
the rafter. 



IRON ROOFS. 86 

The load at /will be transmitted half direct to a and half to y, the strains 
thereby produced on/a,/y, being each 

W L 

At e tiliere will be the load there accomnlated, and the load transmitted 
through tilie rody e, together 

" 8 6 " J 

Of this load one-third will be transmitted to a, and two-thiids to d, the 
thrusts produced thereby being 

One/a strain T'J 5 

WL 
* 6d 



On € d 9k strain 



▲i i then wiU be a lodl 



W 2 L 
■ 2 ■ 8 ■ 7 
WL 
id 



6 "^ 8 ~ 2 



This last load r^'j })taog tmunnitted throogh that half of the bar < tf whieh 

may be regarded as beloDging to the half tmss now under consideration. 
The strain produced at 6 upon b a will be 



W L 
2 * d 



Somming the strains npon the rafter ai,m find 
On Jeastrain 



WL 
2d 



One/astnun = ?^ +^ 



2WL 
id 
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On/a a strain 


2WL . 


WL 






6WL 
~ 6<i 




At the 


point a a 


staiin- g^ +6rf 






WL 

d 





The strains upon the strats are already given, and those tipon the vertical 
ties are equal to the loads supported bj the Bame, which are 

"W 
On «y a load = — ■ 

6 

W 
And on half db,tk load s — 

It yet remains for us to determine the pull upon eadi part of the main tie, 
tiiie strains upon which will be as follows : — 

,T . . WL S WS 

Upon Off 9, strain «= — -j— • ■=- = — j- 

^ , , . WS WS 6WS 

Ony^fastram = _ - _ = _^^ 

and between the junctions of the bars, d e, d h, witb a strain 

^ 6 WS _ 2 W S _ W.S 
6d Qd 2d 

The strains upon each element of the roof being known, the areas of those 
elements may be readily determined by means of the expressions already given for 
sectional areas. 

The foregoing examples being sufficient to illustrate the methods of calcu- 
lating the strains upon roof structures, we shall next proceed to make a few 
remarks relative to the forms of the elements of the same. 

Struts, or compression members forming the rafters may conveniently be 
made of angle or T ii^on ; and the vertical or oblique struts may be made of T 
iron, or of iron of X section, and the ties may be formed of round or flat bars. 
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It is very necessary that the lengths of the Tariaas elements of a 
5l^ roof truss be accurate, in order to ensure satisfactory results ; and it is 
therefore desirable to have some means of adjustment, which may be 
supplied to the struts by adopting some form of construetion shown in 
Fig. 17. a shows the lower extremity of the central part of a strut; 
c is the eye, connecting the struts with the neighbouring elements ; the 
eye, e, is prolonged; the upper part of the prolongation being acoU'- 
rately turned to fit the lower extremity of the central part of the 
strut, which is bored. The eye-piece has also a thread out upon it, 
and is furnished with a nut, *, by which the length of the strut can be 
adjusted. The central part of the strut then bears upon the nut, but 
if, through an improper adjustment of the parts, a tensile strain comes 
upon this arrangement, it is exhibited by the part a leaving its bearing upon the 
nut b, which must then be screwed up until the adjustment is correct. 

The various extremities of the elements may be united by means of links or 
bored plates and pins, and the means are too obvious to require further comment. 
Having dispensed with lattice girders and trusses, arches now require our 
attention. In practice, it will only be necessary to determine the thrust at the 
crown and haunch of the arch, which may readily be done by means of the 
following simple expressions : — 

Let W* ae equal the load on half the arch, L» half the span of the arch, Y » 
the rise or versine of the arch, the load being uniformly distributed over it. The 
thrust at the crown of the arch will then be 



and that at the haunch 



_ W.L 



=V,4 



+ 1 



Let L = « . 0, then the foregoing formulte become, for the crown 

2 
and for the haunch 



= Wv/?+l 
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The aroh may (if of wrought iron) oonyemmily be made of a plate with 
angle iron flanges top and bottom. 

Domes only now remain to be treated. If there be a dome supported by a 
group of half arches, each may be calculated as such ; each half arch supporting a 
portion of the roof equal to that which is contained between two successive 
soni-arches. 

K, however, the dome be of uniform construction throughout, it may be 
calculated according to the formulas exhibited in the theoretical part, of it may 
be supposed to consist of an indefinite number of semi-arohes placed dose 
together side by side, each semi-arch having a given breadth at the springing 
and diminishing to nothing at the crown. 

We have now concluded our renvarks upon the construction of iron roofs, 
but tihink it desirable here to observe that the calculations given in the preceding 
pages with regard to the determination of strain may with equal accuracy be 
^>ldied to timber roofis ; but it will, of course, be necessary in that case to use 
different co-efficients of strength, in order to determine the sectional areas of the 
elements, because of the difference of strength in iron and timber, the constant 
depending upon the quali^ of the material. 
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